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(57) ABSTRACT

The invention relates to cathode materials for Li-1on batter-
ies having a size dependent compositions. The lithium metal
oxide powder has a general formula
Li,N1,CoMnM', O, A, with 0.9<a<l.l, 0.2=x<0.09,
O0<y=0.4, 0<z=<0.7, 0=m=0.35, ¢<0.02, 0=1=<0.05 and 0.9<
(x+y+z+m+1)<1.1; M' consisting of either one or more
clements from the group Al, Mg, Ti, Cr, V, Fe and Ga; A
consisting of either one or more elements from the group F,
C,ClL S, 7Zr, Ba, Y, Ca, B, Sn, Sb, Na and Zn. The powder
has a particle size distribution defining a D10 and a D90;
wherein either x1-x2=0.005; or z2-z1=0.005; or both
x1-x2=0.005 and z2-z1=0.005; x1 and z1 being the values
of x and z of particles having a particle size D90; and x2 and
72 being the values of x and z of particles having a particle

size D10,

11 Claims, 5 Drawing Sheets
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POSITIVE ELECTRODE MATERIAL
HAVING A SIZE DEPENDENT
COMPOSITION

This application 1s a National Stage application of Inter-
national Application No. PCT/EP2012/058896, filed May
14, 2012, which claims the benefit of U.S. Provisional
Application No. 61/457,825, filed Jun. 13, 2011. This appli-
cation also claims priority under 35 U.S.C. §119 to Euro-
pean Patent Application No. 11168124.3, filed May 30,
2011.

TECHNICAL FIELD AND BACKGROUND

The invention relates to cathode matenals for Li-ion
batteries, having the general formula

L1, N1,Co MnM' O, A, (M' being either one or more of
Al Mg, T1 Cr, V, Fe, Ga and A being either one or more of
F, C, Cl, S, Zr, Ba, Y, Ca, B, Sn, Sb, Na and Zn) with a
non-homogeneous N1i/Mn ratio in the particles, and having
superior capacity, rate and fade rate characteristics. Also a
method to manufacture these materials 1s disclosed.

Due to their high energy density, rechargeable lithium and
lithium-10n batteries can be used in a variety of portable
clectronics applications, such as cellular phones, laptop
computers, digital cameras and video cameras. Commer-
cially available lithtum-ion batteries typically consist of
graphite-based anode and [L1Co0Q,-based cathode materials.
However, L1CoO,-based cathode materials are expensive
and typically have a relatively low capacity of approxi-
mately 150 mAh/g.

Alternatives to Li1CoQO,-based cathode materials include
LNMCO type cathode maternials. LNMCO means lithium-

nickel-manganese-cobalt-oxide. The composition 1s LiMO,
or L1, M, 0O, where M=N1 Co Mn M’ . LNMCO has a

similar layered crystal structure as LiCoO, (space group
r-3m). The advantage of LNMCO cathodes 1s the much
lower raw material price of the composition M versus Co.
The addition of N1 gives an increase in discharge capacity,
but 1s limited by a decreasing thermal stability when increas-
ing the N1 content. In order to compensate for this problem,
Mn 1s added 1n the structure as a stabilizing element, but at
the same time some capacity 1s lost.

The preparation of LNMCO 1s 1n most cases more com-
plex than Li1CoQO,, because special precursors are needed
wherein the transition metal cations are well mixed. Typical
precursors are mixed transition metal hydroxides, oxyhy-
droxides or carbonates. Typical cathode materials 1nclude
compositions having a formula LiNi, Mn, ;Co, ,O.,,
LiNi, [Mn, ,Co,,0, or L1, ;sMgo:0,, with M=Ni, 4
Mn, ,Co,,,0,. Compared with Li1ClO,, LNMCO tends to
have a lower bulk diffusion rate of lithium, which can limait
the maximum possible particle size for a given composition.
Depending on the composition, the safety of the charged
cathode 1 a real cell can be a problem. Safety events
ultimately are caused by reactions between the oxidized
surface and the reducing electrolyte. Thus safety problems
are typically more severe 1f the particles have a high surface
area, which 1s the case if the particle size 1s small. The
conclusion 1s that the lower performance of LNMCO
requires a small particle size which deteriorates safety. It
tollows that for the “LiN1,Co Mn,O,” system, where the
presence of given amounts of N1 and Mn are focused both
on 1improving power behaviour and stabilizing the structure,
a homogenous composition both for small and large par-
ticles leads to a compromise between power and safety
performance, due to the unavoidable spread of particle size.
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Indeed, for the small particles 1n which safety behaviour 1s
directly related to Mn content, a higher Mn concentration
would be needed to achueve the same satety behaviour as for
larger particles. On the other hand, the increase of the nickel
content 1n the large particles could enhance the perfor-
mances of the LiN1,Co, M, O, system. The present mnvention
provides a solution to this problem.

SUMMARY

Viewed from a first aspect, the mvention can provide a
lithium metal oxide powder for use as a cathode material 1n
a rechargeable battery, having a general {formula
Li,N1,CoMnM', O,,., A, with 09<a<l.l, 0.2=x<0.9,
O0<y=0.4, 0<z=<0.7, 0=m=0.35, ¢<0.02, 0=1=0.05 and 0.9<
(X+y+z+m+1)<1.1;

M' consisting of either one or more elements from the group
Al, Mg, Ti, Cr, V, Fe and Ga; A consisting of either one or
more elements from the group F, C, Cl, S, Zr, Ba, Y, Ca, B,

Sn, Sb, Na and Zn; the powder having a particle size
distribution defining a D10, D50 and D90; and the x and z
parameters varying with the particles size of the powder,
where either one or both of: x1-x2=0.005 and 722-z1=0.005;

x1, vl and z1 being the parameters corresponding to par-
ticles having a particle size D90; and x2, y2 and z2 being the
parameters corresponding to particles having a particle size
D10. In one embodiment the Ni content of the powder
increases with increasing particle size, and the Mn content
of the powder decreases with increasing particle size. The Ni
content may increase continuously, and the Mn content may
decrease continuously, resulting in a N1/Mn ratio that varies
continuously with particle size. In another embodiment
—-0.005=y1-y2=0.003, since a vanation of the Co content as
a function of particle size 1s not needed for achieving better
satety. In some embodiments m=0 and 1=0; and in the
resulting L1,N1,Co Mn, O, compound has a composition
wherein eitther one the following 1s valid:

a) 0.30=x=0.40, 0.30=y=0.35 and 0.25=7z=<0.35;

b) 0.45=x=<0.55, 0.15=y=<0.25 and 0.25=z=<0.35;

¢) 0.60=x=<0.70, 0.10=y=0.20 and 0.20=z<0.30; and

d) 0.20=x<0.30, 0.05=<y=0.15 and 0.60=z<0.70.

It should be mentioned here that WO2005/064715
describes a cathode active material comprising a lithium
transition metal oxide L1 M,O,, with M=A A' M',__. M
being Mn N1,Co, ., A=Al, Mg or Ti and A’ being a turther
dopant, where O=x=<1, O=y=1, O=z+7'<1, z'<0.02. The com-
position M of this product varies with the size of the
particles. In particular, smaller particles contain less cobalt
and more manganese than larger particles. The Ni, Al, Mg
and T1 contents however do not vary. In W02010/094394 a
cathode active matenial 1s disclosed, having a general for-

mula Li1,N1,Co M,0,, A, with 09<a<l.l, 0.3=x=0.9,
0<y=0.4, O<z-=:0 35, e<0. 02 O0=1=0.05 and O O<(X+y+Z+
N<1.1; M consisting ol either one or more elements from the
group Al, Mg and Ti; A consisting of either one or both of
S and C. The content of N1 and M varies with the particle
s1ze of the powder: for a large particle size the N1 content 1s
higher than for a small particle size, and for a large particle
s1ze the M content 1s lower than for a small particle size. It
1s not obvious to combine these two teachings, since 1n the
former both the Co and Mn contents vary, whereas 1n the
latter the N1 and M=Al, Mg, T1 contents vary, and there 1s no
Mn present.

Viewed from a second aspect, the invention can provide
a process for preparing the powderous lithium transition

metal oxide described above, comprising the steps of:
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providing a M-precursor powder, with
M=N1, Co Mn M', A, and having a particle size distri-
bution defining a D10 and a D90; wherein either

x1-x2=0.003; or z2-7z1=0.005; or both x1-x2=0.005

and z2-z1=0.005; x1 and z1 being the values of x and
7z of particles having a particle size D90; and x2 and z2
being the values of x and z of particles having a particle
size D10,

mixing the M-precursor powder with a lithium precursor,

preferably lithium carbonate, and

heating the mixture at a temperature of at least 800° C.

In one embodiment the difference between the Co content
of the M-precursor powder having a lower D10 and D90
value, and the Co content of the M-precursor powder having,
a higher D10 and D90 value, 1s less than each one of the
differences between the N1 and Mn contents of the M-pre-
cursor powders. By M-precursor powder 1s understood that
these powders are precursors of the
L1, N1, Co Mn M', O, A lithium transition metal oxides,
such as provided 1n some embodiments: hydroxide or oxy-
hydroxide compositions obtained by precipitating metal
sulphates, nitrates, chlorides or carbonates in the presence of
an alkali hydroxide and a chelating agent, preferably ammo-
nia.

Viewed from a third aspect, the invention can provide the
use of the powders according to the first aspect 1n a Li
secondary battery. In that use, the powderous lithium tran-
sition metal oxide may be mixed with a binder material and
a solvent into a slurry, and the slurry 1s coated on an Al-foil
tforming the positive cathode of the L1 secondary battery. By
combining the cathode with an anode and adding an elec-
trolyte a secondary battery 1s manufactured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1: SEM micrographs of the sample MX0150 with
s1ze dependent composition.

FIG. 2: Variation of the N1 and Mn content (in mol %) as
a function of particle size (D30) 1n an embodiment sample
of the invention.

FIG. 3: Coin cell testing details of sample MX0150
prepared at 950° C. from a NMC hydroxide precursor with
s1ze dependent composition.

FI1G. 4: SEM micrographs of the sample MX0153 without
s1ze dependent composition.

FIG. 5: Variation of the N1 and Mn content (1n mol %) as
a Tunction of particle size (D30) 1 sample MX0153 without
s1ze dependent composition.

DETAILED DESCRIPTION

In an embodiment of the invention, the preparation of a
final product having a size dependent composition may be
performed by either one of the following methods:

A) providing at least 2 different transition metal precursors
with different size of particles, where the smaller particle
sized precursor has a smaller Ni:Mn ratio, followed by a
separate lithiation firing, and then mixing the lithiated
products, followed by a lithiation firing, or

B) providing one (mixed) precursor which contains different
sized particles where the smaller particles have a smaller
Ni1:Mn ratio, followed by a lithiation firing,

where 1 both A) and B) the lithiation firing includes the

mixing of the precursor(s) with a suitable source of lithium,

such as Lithium carbonate or Lithium hydroxide, and using
an appropriate L1:M blend ratio (e.g. 1.04:1.0), followed by

a finng 1n a tlow of air or oxygen at elevated temperature,
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to obtain the final product. The final product maintains the
s1ze dependent variation of composition 1.e. where small

particles have smaller N1:Mn than larger sized particles.

The mixed ftransition metal precursors are typically
obtained from a precipitation reaction. The size dependent
composition 1s obtained by adjusting the precipitation
parameters and quantities of the aqueous mixture of the
different nickel, cobalt and manganese sulphates, (or
nitrates, chlorides or carbonates) and alkali hydroxide.

By using this method, for a final size dependent .1 _Ni_-
Co,Mn, O, powder with a D50 of around 10 pm and a mean
Ni1/Mn ratio of approx. 1, it 1s for example possible to start
from 3 NMC hydroxide precursors, one having a D50 of
around 6 um and a N1i/Mn ratio of approx. 0.95; one having
a D50 of around 10 um and a N1/Mn ratio of approx. 1; and
one having a D30 of around 14 um and a Ni/Mn ratio of
approx. 1.05. By mixing the 3 precursors 1n equal quantities,
and firing the mixture at a normal temperature of 800-1000°
C., a size dependent L1 N1 Co Mn O, powder 1s obtained
that has superior electrochemical performances than an
equivalent non-size dependent powder obtained from simply
sintering the precursor having a D350 of around 10 um and
a N1/Mn ratio of approx. 1.

Si1ze dependent lithium transition metal oxide powders—
compared with oxide powders without size dependent com-
position—have 1mproved performance. For example for a
typical LINIMnCoO,, powder with N1:Mn:Co0=33:33:33 an
increase 1n reversible capacity of about 2 mAh/g less, in rate
performance of about 1.5% and 1n cycling stability of about

3% less capacity loss may be obtained.

If the diflerence 1n either one of the N1 and Mn contents
1s less than 0.5 mol % between the D10 and the D90 fraction
of the finally obtained powder, the size dependent compo-
sition 1s not varying enough to yield advantages that out-
weigh the need for providing for example two or more
precursors with different PSD and composition. With dii-
ferences of at least 1 mol % the resulting advantages 1n
clectrochemical performance are more significant.

Since varying the nickel and manganese contents offers a
cheap way of increasing the capacity and safety of cobalt
containing lithium oxide compounds, there 1s no benefit 1n
varying also the cobalt content. By selecting precursor
compounds having approximately the same Co contents, 1n
the final product the Co content varies less with size than the
N1 and Mn contents.

The L1,N1,Co Mn,M', O, A,compositions for which a
s1ze dependent powder oflers benefits can be for example
(the list not being limitative): undoped NMC compositions
like N1:Mn:Co=33:33:33; 50:30:20; 38:29:33; 40:40:20;
50:40:10; 60:20:20; 53:27:20; 22:67:11; and doped compo-
sitions with M'=Al like N1:Mn:Co:Al=42:36:14:8. In other
embodiments A may be up to 0.6 mol % sulphur, and M' may
be up to 0.15 wt % Ca. In still other embodiments M' may
be each one or both of between 0.1 and 0.25 mol % T1 and
between 0.1 and 2 mol % Mg.

The imvention 1s further illustrated in the following
examples:

Example 1

In a first step, a composite Ni—Mn—Co (or NMC)
hydroxide precursor with molar composition 32.8:34.6:32.6
1s precipitated from N1, Mn and Co sulphates 1n the presence
of NaOH and ammonia. The obtained NMC hydroxide has
a spherical shape and the average particle size as measured
from laser granulometry 1s centered around D30=6.5 um

(D10=4.1 um, D90=10.2 um).
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In a second step, a NMC hydroxide precursor with molar
composition 33.4:34.1:32.5 1s precipitated from Ni, Mn and
Co sulphates 1n the presence of NaOH and ammonia. The
obtained NMC hydroxide shows spherical shape and the
average particle size as measured from laser granulometry 1s
centered around D30=10.5 um (D10=7.5 um, D90=14.7

L ).

In a third step, a NMC hydroxide precursor with molar
composition 34.1:33.4:32.5 1s precipitated from Ni, Mn and
Co sulphates 1n the presence of NaOH and ammonia. The
obtained NMC hydroxide shows spherical shape and the

average particle size as measured from laser granulometry 1s
centered around D30=15.2 um. (D10=10.8 um, D90=21.3

L ).
In a last step, the three hydroxide precursor powders as
synthesized above are mixed in the ratio 0.3:0.4:0.3 respec-

tively to obtamn a NMC hydroxide precursor with size
dependent composition and a N1:Mn:Co global composition
as deduced from ICP of 33.2:34.4:32.6. The particle size
distribution of the mixed NMC material 1s measured by laser

diffraction granulometry and shows a PSD with D10=3.7
wm, D50=10.0 um, DY90=17.3 um.

The above precursor with size dependent composition 1s
used to prepare a series of lithium transition metal oxides at
3 different firing temperatures (see Table 2). Lithium nickel
manganese cobalt oxide compounds generally allow for a
lithtum non-stoichiometric range, L1,, M,_O,. We chose a
slightly L1 rich composition (x=0.01 . . . 0.02) which 1s
achieved by using a blend ratio (L1 1n L1,CO; to M 1n
M(OH), of 1.04). The mixed metal precursor and L1,CO,

are mixed 1n an approprate ratio, followed by firing in air for
10 hours.

Sample MX0150 (fired at 950° C.) 1s further investigated
by SEM (see FIG. 1), pH titration, and BET surface analysis.
pH titration (using 7.5 g sample 1n 100 ml H,O, 10 min
stirring, then filtering) yields that 19.3 micro-mol of HCI are
needed per g of sample to achieve a pH of 4.5. The surface
area is measured to be 0.415 m*/g.

The metal composition of the obtained Li,Ni, Co, Mn, O,

powder (MX0150) as deduced from ICP 1s Ni:Mn:Co 33.3:
34.1:32.6. The particle size distribution of the product after
firing 1s measured by laser diffraction granulometry and
shows a PSD with D10=5.5 um, D50=10.4 um, D90=19.3
um. A size vs. composition analysis 1s performed on the
LiN1,Co,Mn, O, material made according to the above (see

FIG. 2).

The following experiment confirms that the final powder
has retained the size dependent composition introduced in
the precursor: the composition of different fractions of the
final powder 1s measured by ICP, where the different frac-
tions (with different particle size) are obtained by elutriation.
In an elutriation experiment, powders are separated by
settling down 1n a slow upward flow of liquid. Thus small
particles reach the overtlow early, large particles later. The
particle size of the different fractions 1s measured using laser
diffraction granulometry. This clearly shows that the chemi-
cal composition (N1:Mn:Co) of the final product 1s varying
as a function of 1ts particle size (see FIG. 2). The figure

clearly shows that the Ni/Mn ratio varies continuously with
particle size.

From FIG. 2, 1t can be concluded that the values for D10
and D90 should be as in Table 1:

10

15

20

25

30

35

40

45

50

55

60

65

6

TABLE 1
particle size Size (um) N1 (mol %) Mn (mol %)
D90 19.3 >34.5 <33.0
D10 5.5 <32.7 >34.8

As can be deduced from FIG. 2, there 1s a very good
correlation between N1 and Mn content (mol %) and particle
s1ze (D) as measured from laser granulometry. In an embodi-
ment of the invention, the dependency (1n % mol) of N1 and
Mn with particle size D follows a linear trend: % mol
Ni=sxD+tl, and % mol Mn=uxD+t2, with s>0 or
Abs(s)=0.05, preferably 0.1; and/or with u<0 or
Abs(u)=0.05, preferably 0.1.

For Example 1 the linear trend (mol % Ni=s-D+t1 and mol
% Mn=u-D+t2) 1s:

for N1: N1 (mol %)=0.1543xD+31.738

for Mn: Mn (mol %)=-0.1428xD+35.648.

Further in the example, a slurry is prepared by mixing the

LiN1,Co,Mn, O, powder with size dependent composition
with 5% wt carbon black and 5% PVDF into N-Methyl
Pyrrolidone (NMP), and 1s deposited on an Al foil as current

collector. The obtained electrode containing 90% wt active
material 1s used to manufacture coin cells with about 14
mg/cm” active material. As electrolyte a LiPF, based elec-
trolyte 1s used. The negative electrodes are made of metallic
L1. Capacity and rate performance of the coin cells are tested
between 3.0 and 4.3V vs Li+/L1, followed by a stability test
at 4.5-3.0V (as of Cycle 7, at 1 C). Before and after the
stability test, the capacity 1s measured at slow (C/10) and
fast (1 C) rate. The fade rate 1s obtained after 23 cycles—
cycling between 4.5 and 3.0V, and its value 1s extrapolated
to 100 cycles.

Table 2 shows the obtained electrochemical properties for
the series of lithium transition metal oxides obtained at
different firing temperatures. The displayed values each are
the average of 2 coin cells. Reproducibility 1s excellent. A
good performance 1s achieved for all 3 firing temperatures.
For the sake of clarity only the coin cell testing of sample
MXO0130 1s discussed further 1n detail and shown 1n FIG. 3.

FIG. 3 shows that a high reversible capacity 1s obtained
upon cycling with a reversible capacity of 158.5 mAh/g at
a discharge rate of C/10 (Cycle 1: full discharge 1n 10 h). In
the figure the voltage 1s shown against the cathode capacity
during 6 consecutive cycles—the discharge capacities of the
cycles are shown from right to left for Cycle 1 to Cycle 6.
86, 1% of the capacity 1s retained at a discharge rate of 2 C
(Cycle 5: full discharge 1n 2h) with 136.7 mAbh/g.

For completeness the cycles’ discharge rate 1s listed here:
Cycle 1: C/10 (1% to the right on FIG. 3), Cycle 2: C/5, Cycle
3: C/2,Cycle 4: 1 C, Cycle 5: 2 C, and Cycle 6: 3 C (most
lett on FIG. 3).

TABLE 2

Preparation and electrochemical performance of Li—M—O,
prepared from a NMC hydroxide precursor with size
dependent composition

Reversible Rate  Q Fade rate
Sinter T Capacity Irreversible 2 C/ 1 C

°C. 01C, 43V capacity % 0.1 C % %/100 cycles
MX0149 900 156.6 13.1 83.8 3.9
MXO0150 950 158.5 12.0 86.1 8.3
MXO0151 1000 157.9 12.3 85.4 11.7




US 9,748,570 B2

7

Counter Example 2

In a first step, an NMC hydroxide material with molar
composition 33.1:33.6:33.3 (without size dependent com-
position) 1s precipitated from Ni, Mn and Co sulphates 1n the
presence of NaOH and Ammonia. The average particle size
1s measured from laser granulometry and shows a PSD with
D10=5.1 um, D50=9.1 um, D90=16.4 um. The above pre-
cursor without size dependent composition 1s used to pre-
pare a series of lithium transition metal oxides at 3 diflerent
firing temperatures (see Table 3). As before, we chose a
slightly L1 rich composition (x=0.01 . . . 0.02) which 1s
achieved by using a blend ratio (L1 in L1,CO, to M 1n
M(OH), of 1.04) Table 3 summarizes the preparation. The
mixed metal precursor and L1,CO; are mixed 1in an appro-
priate ratio, followed by firing 1n air for 10 hours.

Sample MXO0133 (fired at 950° C.) 1s further investigated
by SEM (see FIG. 4), pH titration, and BET surface analysis.

pH titration (using 7.5 g sample 1n 100 ml H,O, 10 min
stirring, then filtering) vields that 21.63 micro-mol of HCI
are needed per g of sample to achieve a pH of 4.5. The
surface area is measured to be 0.442 m*/g. Generally, the
morphology 1s very similar to those of sample MX0150 of
Example 1.

The global composition of the obtained L1, N1 Co, Mn, O,

powder (MX0153) as deduced from ICP 1s N1:Mn:Co 33.1:
33.7:33.2. The particle size distribution of the product after
firing 1s measured by laser diffraction granulometry and

shows a PSD with D10=5.2 um, D50=9.5 um, D90=17.6 um

(nearly 1dentical to Example 1). A size vs. composition
analysis 1s performed on the LiN1 Co, Mn O, material 1s a
similar way as described 1in Example 1 to proof that the final
powder has no size dependent composition (see FIG. 5).

This graph clearly shows that the Ni/Mn ratio does not
vary with particle size. As can be deduced from FIG. 5, there
1s a no correlation between N1 and Mn content (mol %) and
particle size as measured from laser granulometry (D).
Indeed the calculated trends are:

for N1: N1 (mol %)=0.035xD+33.002
for Mn: Mn (mol %)=0.0245xD+33.47/8

The s and u factor 1n the equations (mol %=s (or u)xD+t1
(or t2)) being close to 0 confirms that the N1 and Mn contents
are constant in the powder.

Further in the experiment, a slurry 1s prepared by mixing
the LiN1, Co Mn O, powder (without size dependent com-
position) with 3% wt carbon black and 5% PVDF into
N-Methyl Pyrrolidone (NMP), and 1s deposited on an Al foil
as current collector. The obtained electrode containing 90%
wt active material 1s used to manufacture coin cells with
about 14 mg/cm? active material. As electrolyte a LiPF,
based electrolyte 1s used. The negative electrodes are made
of metallic Li. Capacity and rate performance of the coin
cells are tested between 3.0 and 4.3V vs Li+/L1, followed by
a stability test at 4.5-3.0V (at 1 C). Before and after the
stability test, the capacity 1s measured at slow (C/10) and
tast (1 C) rate. The fade rate 1s obtained after 23 cycles
cycling between 4.5 and 3.0V, and its value 1s extrapolated
to 100 cycles.

Table 3 shows the obtained electrochemical properties of
the series of lithium transition metal oxides obtained at
different firing temperatures. The displayed values are the
average of 2 coin cells. Reproducibility 1s excellent. In all 3
cases the coin cell performance 1s inferior compared with
those of Example 1. The reversible capacity i1s about 2
mAh/g less and the rate performance 1s about 1.5% less and
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cycling stability 1s about 3% less as well, thereby clearly
illustrating the advantage of having a size dependent com-
position.

TABLE 3

Preparation and electrochemical performance of Li—M—0O,
prepared from a mixed metal precursor without size
dependent composition

Reversible Rate Q Fade
Sinter T  Capacity Irreversible 2 C/ rate 1 C
°C. 01C 43V capacity % 0.1 C % %/100 cycles
MXO0152 900 155.0 13.8 82.6 7.6
MXO0153 950 155.9 13.4 84.3 11.4
MXO0154 1000 156.1 13.7 84.0 13.4

While specific embodiments and/or details of the mven-
tion have been shown and described above to illustrate the
application of the principles of the invention, 1t 1s understood
that this invention may be embodied as more fully described
in the claims, or as otherwise known by those skilled in the
art (including any and all equivalents), without departing
from such principles.

The mmvention claimed 1s:

1. A lithhum metal oxide powder for use as a cathode
material 1n a rechargeable battery, having a general formula
L1, N1, Co Mo M' O, A, with 09<a<l.l, 0.2=x<0.9,
0<y=0.4, 0<z=0.7, m=0, ¢<0.02, 1=0 and 0.9<(x+y+z+m+
1)<1.1;

M' comprising one or more elements selected from the
group consisting ol Al, Mg, T1, Cr, V, Fe and Ga; A
comprising one or more ¢lements selected from the
group consisting of F, C, Cl, S, Zr, Ba, Y, Ca, B, Sn, Sb,
Na and Zn; the powder having a particle size distribu-
tion defimng a D10 and a D90; and wherein either

x1-x2=0.005; or

72-71=0.005; or

both x1-x2=0.005 and z2-z1>0.005;

x1 and z1 being the values of x and z of particles having
a particle size D90; and x2 and z2 being the values of
x and z of particles having a particle size D10, and
wherein —0.005=y1-y2=<0.005, v1 being the value of vy
of particles having a particle size D90; and y2 being the
value of vy of particles having a particle size D10, and

one of
a) 0.30=x=<0.40, 0.30=y=0.35 and 0.25=z<0.35;

b) 0.45=x=<0.55, 0.15=y=<0.25 and 0.25=z<0.35;

¢) 0.60=x=<0.70, 0.10=y=0.20 and 0.20=z<0.30; and

d) 0.20=x=0.30, 0.05=y=0.15 and 0.60=z<0.70.

2. The oxide powder of claim 1, wherein both
x1-x2=0.010 and z2-z1>0.010.

3. The oxide powder according to claim 1, wherein the N1
content of the powder increases with increasing particle size,
and the Mn content of the powder decreases with 1ncreasing
particle size.

4. The oxide powder according to claim 1, wherein A
comprises S and C and M' comprises Mg and/or Al.

5. The oxide powder according to claim 4, wherein A
comprises C and M' comprises Al.

6. A process for the manufacture of a powder according to
claim 1, comprising:

providing a M-precursor powder, with

M=N1,Co Mn M, A, and having a particle size distri-
bution defining a D10 and a D90; wherein either
x1-x2=0.005; or z2-7z1=0.005; or both x1-x2=0.005

and z2-z1=0.003; x1 and z1 being the values of x and
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7z of particles having a particle size D90; and x2 and z2
being the values of x and z of particles having a particle
size D10,

mixing the M-precursor powder with a lithium precursor,
and

heating the mixture at a temperature of at least 800° C.

7. The process according to claim 6, wherein providing a

M-precursor powder comprises:

providing at least two M-precursor powders having dif-

ferent particle size distributions characterized by dif-

ferent D10 and D90 values, wherein a M-precursor
powder having a lower D10 and D90 value has one or

both of a lower N1 content and a higher Mn content,
than a M-precursor powder having a higher D10 and
D90 value; and
mixing the at least two M-precursor powders.
8. The process according to claim 7, wherein the at least
two M-precursor powders are mixed with a lithtum precur-
sor, before heating the mixture at a temperature of at least

300° C.
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9. The process according to claim 7, wherein both the N1
content of the powder having a lower D10 and D90 value 1s
lower than the Ni content of the powder having a higher D10
and D90 value, and the Mn content of the powder having a
lower D10 and D90 value 1s higher than the Mn content of

the powder having a higher D10 and D90 value.

10. The process according to claim 9, wherein the differ-
ence between the Co content of the M-precursor powder
having a lower D10 and D90 value, and the Co content of
the M-precursor powder having a higher D10 and D90

value, 1s less than each one of the diflerences between the Ni
and Mn contents of the M-precursor powders.

11. The process according to claim 6, wherein the M-pre-
cursor powder comprises hydroxide or oxyhydroxide com-
positions obtained by precipitating metal sulphates, nitrates,
chlorides or carbonates in the presence of an alkali hydrox-
ide and a chelating agent.

G ex x = e
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